We present OGLE-III Photometric Maps of the Galactic bulge fields observed during the third phase of the OGLE project. This paper describes the last, concluding set of maps based on OGLE-III data.
Introduction
The Optical Gravitational Lensing Experiment (OGLE) is a long term project (started in 1992) with scientific goals including gravitational microlensing, search for extrasolar planets, variable stars etc. All these goals require regular monitoring of millions of stars in dense stellar fields located in the Galactic center, Magellanic Clouds and selected parts of the Galactic disk. The photometry of all these stars collected during the project lifetime constitutes a unique, huge data set that can be used in many astrophysical applications.
Since the second phase of the project, OGLE-II, we have published precisely calibrated, both photometrically and astrometrically, general BVI or VI catalogs of objects called OGLE Photometric Maps. These Maps cover the main project targets including the Magellanic Clouds, Galactic disk and the Galactic center.
The OGLE maps were often used, for example, for modeling the structure of the observed objects (e.g., Rattenbury et al. 2007 , Subramaniam and Subramanian 2009 , Nataf et al. 2010 , determination of the interstellar extinction (e.g., Udalski et al. 2003b, Haschke, Grebel and Duffau 2011) or in many analyzes of microlensing events (e.g., Bennett et al. 2010 , Abe et al. 2004 . Also, the maps constitute a huge set of the secondary photometric standards that can be used for calibration of photometry.
This paper presents the OGLE-III Photometric Map of the Galactic bulge, concluding the most recent series of the OGLE Photometric Maps which contain the photometry of objects observed during the third phase of the project. The previous papers of this series have covered the stellar fields in the Large and Small Magellanic Clouds (Udalski et al. 2008bc ) and the Galactic disk (Szymański et al. 2010) . The Galactic bulge photometry constitutes the biggest data set in the series, containing almost 340 million stars observed in 267 dense fields of the center of Galaxy covering 92 square degrees.
Observations
Observations were carried out at Las Campanas Observatory in Chile, operated by the Carnegie Institution for Science, using the 1.3-m Warsaw Telescope equipped with the eight-chip mosaic CCD camera (Udalski 2003a ) covering 35 × 35 arcmin in the sky with the scale of 0.26 arcsec/pixel.
OGLE-III photometry of the Galactic center contains data obtained in the Vand I-band filters which are close to the standard VI bands. Only for very red objects, (V − I) > 2 mag, the data obtained through the OGLE-III glass I filter could not be precisely calibrated. This small deficiency has been recently fixed using calibrations based on the first OGLE-IV data, obtained with a new, 32-chip CCD camera equipped with interferometric I-band filter which very accurately reproduces the standard I pass-band. The details of this procedure will be given in Section 3.
Observations of the Galactic bulge fields consist of 89 175 exposures spanning almost eight years between June 2001 and May 2009. The vast majority of frames (87 787) were obtained in I-band. The remaining 1 388 frames were taken in V filter in order to collect some color data for the observed stars. This asymmetric strategy proved to be the most effective in terms of search for microlensing phenomena -the main scientific goal of the project -and was adopted in all phases of the experiment. The exposure times of the majority of frames were 120 s for I-band and 200 s for V-band.
The data were taken only in good seeing and transparency conditions. The seeing limit for Galactic bulge fields was set to ≈ 1. ′′ 8 but it was not automatically enforced so the databases include some frames taken at worse conditions. The median seeing of the I-band images is equal to 1. ′′ 2. Table 1 lists all Galactic bulge fields covered by the OGLE-III Photometric Maps giving their names, equatorial and galactic coordinates, number of frames (I and V) included in the databases, the number of stars detected in I-band and the mean value of (V − I) color. Schematic map of the fields on grids of equatorial and galactic coordinates is shown in Fig. 1 . The total area covered by the fields is about 92 square degrees (79 and 13 square degrees south and north of galactic equator, respectively). About 7% of this area, 6.3 square degrees, is covered by the overlapping parts of adjacent fields. This includes both overlaps of the neighboring main fields, resulting from the design of the Galactic bulge pointings (Fig. 1) and overlaps of the subfields of adjacent chips of the mosaic which are possible due to limited accuracy of telescope pointing. We used this opportunity to construct reference images which are bigger than single frames: 2180 × 4176 vs. 2048 × 4096 pixels per chip (see Udalski et al. 2008a for details), thus covering, at least partly, the gaps between CCD mosaic chips.
The number of frames taken of each field should be considered with caution. This is due to the observational strategy adopted for OGLE-III phase which allowed to switch to a much denser, sometimes even nearly continuous coverage of fields in which extremely interesting microlensing events were detected online through our early warning (EWS and EEWS) systems. For these fields, the total number of frames is not strictly related to their typical observing frequency.
Photometric Maps of the Galactic Bulge Fields

Catalog
The construction of the general catalog -photometric map of the Galactic bulge was done similarly to the procedure applied to other main targets of the OGLE-III observations, the Magellanic Clouds and the Galactic disk. The procedure was detailed in Udalski et al. (2008b) . Here, we only recall the main features and describe small changes.
The catalog tables were created for every subfield (chip nos. 1-8) separately. This is a logical consequence of the fact that images of each mosaic chip were considered as individual parts of every main field as listed in Table 1 . The reference images, reductions and databases were also made separately for every subfield.
As it was mentioned above, about 7% of the total area covered in the Galactic bulge is overlapped by more than one field. Accordingly, a few percent of all objects can be found in more than one subfield catalog. The current, text version of the photometric maps does not provide cross-identification of those objects but we plan to include it in the online version of the database which will be available in near future.
The catalog was constructed based on the I-band databases. Adding the V-band photometry required cross-identification between objects in I and V databases. The matching star in V was chosen to be the closest object in 0. ′′ 5 (1.9 pixel) radius. For objects identified in more than one (overlapping) subfield we were able to construct single V data sets of independent measurements for each star. The data in the catalog tables include: star ID (column 1); equatorial coordinates J2000.0 (2,3) ; X ,Y pixel coordinates in the I-band reference image (4,5); photometry data V, V − I and I (6,7,8), V-band photometry parameters: number of points used for mean magnitude (9), number of 5σ-rejected points (10) and standard deviation σ (11); I-band photometry parameters, same as for V (12, 13, 14) . Values of 9.999 and 99.999 mark no data available in the given column. Values prefixed with plus sign in column (10) indicate multiple V-band cross-identification. Table 2 presents a sample of catalog table for field BLG100.1.
The mean photometry was derived for all objects with minimum of 1 and 6 observations in the V and I-band, respectively, by averaging all observations after removing 5σ deviating points. The limit for V is so low because of the small overall number of V-band observations in bulge fields. In the case of stars that had been identified in V-band on more than one subfield, all V observations formed a single data set and then were averaged because they are independent measurements. Finally, the color term correction was applied for each object to its database average magnitude according to the transformation equations and color term coefficients presented in Udalski et al. (2008a) . The (V − I) color derived from the database I and V values was converted to the standard system using (V −I) = (v−i)/(1−ε V + ε I ) formula. Then, V and I magnitudes were adjusted by adding ε V,I · (V − I) term to the database value. For objects that do not have color information the average (V − I) of the field was used for color correction of respective I or V magnitude. For other OGLE-III targets (Magellanic Clouds, Galactic disk) the mean value for the whole population was used but for the Galactic bulge the differences in mean (V − I) are so big (see Table 1 ) that we decided to use proper mean values for each field. The "database" values mentioned here are the instrumental magnitudes corrected for subtle effects discussed in detail by Udalski et al. (2008a) .
The catalog includes all objects which are present in the I-band databases. With the additional criteria for the quality of the photometry, described above, a small number of objects (less than 2%) entered the catalog with no photometry given, marked by 99.999 values in both I-and V-bands. For the sake of simplicity and to keep the star IDs consistent with the databases, we have not removed these objects from the catalog.
The astrometry was done in the same way as in previously published OGLE-III Photometric Maps, using third-order transformation based on 2MASS Catalog (Skrutskie et al. 2006) . The details are given in Udalski et al. (2008a) .
OGLE-III Photometric Map of the BLG100.1 field (sample) 
Improved Calibration of Red Objects
As it was mentioned above and discussed in earlier papers (Udalski et al. 2002) , the original calibration of the OGLE-II and OGLE-III photometry was slightly inaccurate for very red or heavily reddened objects, especially in the Galactic bulge where the interstellar extinction is large. This was mainly due to the fact that the I-band filter used during the second and third phases of the project was different from the standard Kron-Cousins definition (Landolt 1992), exhibiting quite wide transparency "wing" into the infrared part of the spectrum. Furthermore, there are practically no standard stars with (V − I) > 2 mag because such red objects are usually variable. Thus, the OGLE-II and OGLE-III I-band filter photometry could not be calibrated precisely to the standard KC (Landolt) system for stars redder than (V − I) > 2 mag. Therefore extrapolated transformation coefficients derived from the observed standard stars in the (V − I) < 2 mag range had to be used. This may, however, lead to the systematic I-band deviations in the OGLE map I-band magnitudes, as shown in Fig. 2 of Udalski et al. (2002) .
Since the beginning of the OGLE-IV phase in 2010, the project has been using the new, interference V-and I-band filters. OGLE-IV I-band filter very closely reproduces I-band definition adopted by Landoldt (1992) in his commonly used set of standard stars -the system to which the OGLE data are ultimately tied. We may assume that the OGLE-IV I-band filter can be practically considered the standard one.
When the first season of OGLE-IV observations was completed, we were able to compare and recalibrate OGLE-III photometry. To this end, we cross-identified a number of constant stars in selected OGLE-III and OGLE-IV Galactic bulge fields. We chose several highly reddened fields where the photometrically stable bulge red giants and disk main sequence stars are shifted to high (V − I) colors of 3-6. In this way we obtained a huge set of photometric standards with extremely large (V − I).
To double-check that OGLE-IV I-band filter can be indeed treated as the standard one we compared OGLE-IV photometry with OGLE-III photometric maps of selected LMC fields where the vast majority of stars are bluer than (V − I) = 1.5 mag. We found a constant shift of magnitudes of these two datasets without any noticeable trend with the (V − I) color indicating that indeed OGLE-IV I-band filter approximates the standard one very well.
To calibrate the OGLE-III photometry of redder objects we compared the mean magnitudes from OGLE-IV photometry and OGLE-III uncalibrated maps of the selected Galactic bulge fields. The mean magnitude difference at (V −I) = 1.5 mag was assumed as the zero point for a given field. In the next step we merged the data from all compared fields and derived a mean difference of OGLE-IV (standard) photometry and uncalibrated OGLE-III map magnitudes and as a function of (V − I) color. A second order polynomial was fitted to this relation and used further as the calibration function (Fig. 2) :
The correction value, ∆I , reaches 0.02 mag at (V − I) = 2.15 mag, 0.05 at 3.0, 0.1 at 4.0 and 0.2 at 6.0, respectively. We note that the correction is approximately two times smaller than predicted in Udalski et al. (2002) .
Finally we used the derived relation for correction of I-band photometry and (V − I) color (for all objects with (V − I) > 1.5 mag) of all OGLE-III maps including the already released maps of the LMC, SMC and Galactic disk. The computed ∆I was added to I magnitude and subtracted from (V − I) color of every object in the catalog. We estimate that the corrected I-band magnitudes are accurate to 0.01-0.02 for (V − I) < 6 mag.
Summary and Data Presentation
The OGLE-III Photometric Maps of the Galactic bulge fields contain entries for about 340 million stars located in 267 OGLE-III fields. Figs. 3-5 show the typical accuracy of the OGLE-III Photometric Maps of these targets: standard deviation of magnitudes as a function of magnitude in the V-and I-band for the fields BLG205.2, BLG245.7 and BLG292.5 of relatively high, moderate and low stellar density, respectively.
The completeness of the photometry can be assessed from the histograms presented in Figs. 6-8 for the same fields as in Figs. 3-5. It reaches I ≈ 19 mag and V ≈ 20.5 mag. It is worth noting that a significant number of objects (43%) do not have V photometry. This is mainly due to the large reddening of the Galactic bulge objects which makes them undetectable on OGLE-III V frames. The small overall number of V observations is another reason.
Figs. 9-11 present color-magnitude diagrams (CMDs) constructed for a few selected subfields from different Galactic bulge fields observed by OGLE-III survey. Additionally, Fig. 12 shows the CMD of one of the most reddened OGLE-III fields, BLG179. It is located at b = −1.
• 7 where the interstellar extinction starts rapidly increasing toward the Galactic plane, eventually obscuring the whole Galactic bulge background. The red giant branch and red clump in BLG179 field are, therefore, significantly smeared out and elongated toward fainter magnitudes and redder (V − I). To emphasize the effect, this diagram is compiled from the data of all eight subfields.
Data Availability
The OGLE-III Photometric Maps of the Galactic bulge are available to the astronomical community from the OGLE Internet Archive:
http://ogle.astrouw.edu.pl ftp://ftp.astrouw.edu.pl/ogle3/maps/blg/ The archives include the catalog tables with photometric data and astrometry for each of the subfields. The I-band reference images are also available. The usage of the data is fully allowed for the general community. We only require the proper acknowledgment to the OGLE project.
We plan to build an online, interactive access to the photometric maps database, allowing to retrieve objects fulfilling a user-defined set of criteria. The availability of such an access will be announced on the OGLE project WWW page.
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